The phylum Acidobacteria contains a single known phototrophic member, Chloracidobacterium thermophilum, which was recovered from a hot spring metagenome from Yellowstone National Park. Here, we expand the diversity of the genus Chloracidobacterium with a genome recovered from a hot spring in Japan, extending the known range of this lineage to a new continent.
T he phylum Acidobacteria comprises widespread but enigmatic bacteria; many subdivisions have been observed in environmental sequencing data, but only a few cultured or well-characterized representatives exist (1) . The only known phototroph in this phylum, Chloracidobacterium thermophilum, was originally recovered from metagenomic data from a Yellowstone National Park hot spring (2) and was recently isolated (3). Here, we report the draft genome of Chloracidobacterium sp. strain CP2_5A, recovered from a metagenome of a Japanese hot spring.
The metagenome from which this genome was recovered was described in detail by Ward (4) . In brief, CP2_5A was recovered from a cone-forming microbial mat from a moderately sulfidic, alkaline hot spring at Nakabusa Onsen in Nagano prefecture, Japan. At the time of sampling, the temperature at the collection site was 32°C with a pH measurement of 8.3.
Cells were lysed and DNA was preserved in the field using Zymo Terralyzer BashingBead Matrix and Xpedition Lysis Buffer. DNA was extracted and purified with a Zymo Soil/Fecal DNA extraction kit (Zymo Research, Irvine, CA, USA) and quantified with a Qubit version 3.0 fluorimeter (Life Technologies, Inc., Carlsbad, CA, USA). Purified DNA was submitted to SeqMatic LLC (Fremont, CA, USA) for library preparation and sequencing via Illumina HiSeq technology. Raw sequences were assembled with MegaHit version 1.02 (5) and binned using MetaWatt version 3.5.2 (6). The genome was uploaded to RAST (7) for overall characterization and was assessed for completeness and contamination using CheckM (8) .
The CP2_5A genome bin is estimated to be 92% complete as determined by CheckM. The genome is 3.41 Mb, with a GC content of 64.2%, and comprises 385 contigs containing 3,023 coding sequences and 52 RNAs. The 16S gene recovered from CP2_5A is 98% identical to that of C. thermophilum strain E. The CP2_5A genome contains a complete suite of genes for anoxygenic phototrophy, including a type 1 reaction center (RCI) and a largely complete bacteriochlorophyll synthesis pathway (only bchM was not recovered in the genome bin). Consistent with the photoheterotrophic lifestyle of the isolated C. thermophilum strain, CP2_5A does not encode carbon fixation pathways. The CP2_5A genome encodes two bc complexes, an alternative complex III, a low-O 2 -affinity A-family heme-copper oxidoreductase, and a bd-cytochrome c. The RCI of CP2_5A is similar to that of the Chloracidobacterium isolate: it branches basal to those of phototrophic Chlorobi spp. but more derived than the simple RCIs found in Heliobacteria spp. While one of the bc complexes in CP2_5A clusters with that of C. thermophilum strain E, the other is instead closely related to that from the recently discovered phototrophic phylum Gemmatimonadetes (9), potentially marking horizontal gene transfer between these two clades.
The degree of genomic and metabolic similarity between Chloracidobacterium strains found in hot springs across at least two continents suggests a broadly conserved ecology between microbial lineages in similar geochemical environments across large spatial scales. Accession number(s). This whole-genome shotgun project was deposited in DDBJ/ EMBL/GenBank under the accession number NKPT00000000.
